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(54) Optical disk, method for manufacturing the same, and method for recording and method for 
reproducing data using optical disk 



(57) An optical disk includes a first information re- 
cording layer, and second to N-th information recording 
layers (with N being an integer of two or greater) that 
are arranged further toward the side from which laser 
light is Irradiated than the first infomriation recording lay^ 
er and which are arranged in order from the side near 
the first information recording layer The first information 
recording layer includes a read-only control data region 
(702a), a first recording learning region (704a) for learn- 
ing recording parameters to record data, and a first user 
data recording region (708a) for recording user data. 



When taking at least one of the second to N-th informa- 
tion recording layers as an i-th information recording lay- 
er (with i being an integer satisfying 2 ^ i ^ N), that i-th 
information recording layer includes an i-th recording 
learning region (702b, 702c and 702d) for learning re- 
cording parameters to record data in the i-th information 
recording layer and an i-th user data recording region 
for recording user data. The first recording learning re- 
gion and the i-th recording learning region are arranged 
at different radial positions, and the i-th recording learn- 
ing region is arranged within a region of radial positions 
at which the control data region is provided. 
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Description 

[0001 ] The present invention relates to an optical disk 
including a plurality of information recording layers, 
wherein at least two Information recording layers are s 
provided with recording learning regions for determining 
optimal reconding parameters respectively, to a method 
for manufacturing such a disk, as well as to a method 
for recording and a method for reproducing data using 
such an optical disk. io 
[0002] In recent years, as the recording density and 
the capacity of optical disks increase, it is becoming 
more important to ensure the reliability of optical disks. 
Accordingly, to ensure reliability, a technology has been 
proposed in which the optical disk is provided with a re- is 
cording learning region, and a recording learning proc- 
ess is performed to determine the recording parameters 
by carrying out a test recording on this recording team- 
ing region (see for example JP 2001 -338422 A). "Re- 
cording learning" means the operation of optimizing the 20 
pulse parameters related to the laser light that is irradi- 
ated onto the optical disk during the recording. The 
pulse parameters include, for example, the power of the 
laser pulses irradiated onto the optical disk during re- 
cording, as well as the timing at which the laser pulses ^5 
are generated, and their length. 

[0003] Furthemnore, there is vigorous research in op- 
tical disks whose recording capacity is doubled by ar- 
ranging an infomnatlon recording layer that is semi- 
transparent for recording and reproducing laser light on 30 
the side from which laser light is irradiated (i.e. front- 
ward), and arranging a further information recording lay- 
er behind that, thus providing a dual-layer structure. Al- 
so in such dual-layer optical disks, recording learning is 
necessary, and a technology has been proposed, in 35 
which both the frontward information recording layer (re- 
ferred to as "L1 layer") and the reanward information re- ■ 
cording layer (referred to as "LO layer") are subjected to 
the learning of recording parameters prior to the record- 
ing of data (see for example JP 2000-31 1346A). 40 
[0004] However, there is the possibility that the opti- 
mal recording parameters for the LO layer cannot be ex- 
tracted through this recording learning operation. In re- 
cording learning, it is conceivable that test signals are 
recorded at a power that is considerably higher than the 45 
recording power that is optimal for the recording of data 
(optimum recording power). Thus, even in optical disks 
in which the presence of recordings in the LI layer does 
not affect the quality of recordings to the LO layer at the 
optimum recording power there may be intensity chang- so 
es when the laser light passes through the L1 layer at a 
test recording power that is relatively high, and it is con- 
ceivable that the optimum recording power for the LO 
layer cannot be obtained by a recording learning oper- 
ation. 55 
[0005] It is an object of the present invention to pro- 
vide an optical disk provided with a plurality of recorda- 
ble information recording layers, in which recording 



learning with high precision is possible in Information re- 
cording layers to the rear, regardless of the recording 
state of the information recording layers positioned on 
the side from which laser light is Irradiated, as well as a 
method for manufacturing such an optical disk and a 
method for recording and a method for reproducing data 
using such an optical disk. 

[0006] In accordance with one aspect of the present 
invention, an optical disk comprises a plurality of infor- 
mation recording layers, in which data is recorded in 
tracks by laser light that Is irradiated from one side, the 
tracks being provided respectively in the plurality of in- 
formation recording layers. The plurality of information 
recording layers comprise a first information recording 
layer and second to N-th information recording layers 
(with N being an Integer of two or greater) that are ar- 
ranged further toward the side from which the laser light 
is irradiated than the first information recording layer and 
which are an'anged in order from the side near the first 
information recording layer. The first information record- 
ing layer comprises a read-only control data region, a 
first recording learning region for learning recording pa- 
rameters to record data in the first information recording 
layer, and a first user data recording region for recording 
user data. When taking at least one. of the second to N- 
th information recording layers as an i-th information re- 
cording layer (with i being an integer satisfying 2^1^ 
N), that i-th infomnation recording layer comprises an 1- 
th recording leaming region -vr learning recording pa- 
rameters to record data in io,^ i -rh information recording 
layer, and an i-th user data recording region for record- 
ing user data. The first recording leaming region and the 
i-th recording learning region are arranged at different 
radial positions, and the i-th recording learning region is 
arranged within a region of radial positions at which the 
control data region is provided. 

[0007] It should be noted that in the optical disk of the 
present invention, the i-th recording leaming region be- 
ing arranged within a region of radial positions at which 
the control data region is provided also includes the 
case that the i-th recording leaming region, protrudes 
slightly from the region of radial positions at which the 
control data region is provided, such as when there is 
track eccentricity or track tolerance. 
[0008] It should further be noted that In the optical disk 
of the present invention, N=2 means that there is one 
information recording layer arranged further toward the 
side from which laser light is irradiated than the first in- 
formation recording layer. That is to say, in this case, 
only the second information recording layer is arranged 
further toward the side from whbh laser light is irradiated 
than the first information recording layer. 
[0009] In accordance \fj.\h another aspect of the 
present invention, a methc 3 for manufacturing an op- 
tical disk comprising a first infonnation recording layer 
and second to N-th information recording layers (with N 
being an integer of two or greater) that are arranged fur- 
ther toward the side from which the laser light is irradi- 
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ated than the first information recording layer and are 
arranged rn order from the side near the first Information 
recording layer The method comprises forming the first 
information recording layer such that the first informa- 
tion recording layer comprises at least a read-only con- s 
trol data region, a first recording learning region for 
learning recording parameters to record data in the first 
information recording layer, and a first user data record- 
ing region for recording user data. When taking at least 
one of the second to N-th Information recording layers io. 
as an i-th information recording layer (with i being an 
Integer satisfying 2 ^ i ^ N), That i-th information re- 
cording layer Is formed such that the i-th information re- 
cording layer comprises an i-th recording learning re- 
gion for learning recording parameters to record data in 15 
the i-th Information recording layer, and an i-th user data 
recording region for recording user data; and the first 
recording learning region and the r-th recording learning 
region are fonned such that the first recording learning 
region and the i-th recording learning region are ar- 20 
ranged at different radial positions, and the I-th record- 
ing learning region is arranged within a region of radial 
positions at which the control data region Is provided. 
[0010] Yet another aspect of the present invention Is 
a recording method for recording data in tracks by Irra- 25 
diating laser light from one side, the tracks being pro- 
vided respectively in a plurality of information recording 
layers Included In the optical disk. The optical disk com- 
prises a first infomriation recording layer, and second to 
N-th information recording layers (with N being an inte- 30 
ger of two or greater) that are arranged further toward 
the side from which the laser light is irradiated than the 
first Information recording layer and which are arranged 
in order from theslde nearthe first Information recording 
layer. The first information recording layer comprises a 55 
read-only control data region, a first recording learning 
region for learning recording parameters to record data 
In the first information recording layer, and a first user 
data recording region for recording user data. The sec- 
ond to N-th information recording layers respectively 40 
comprise a second to N-th recording learning region for 
learning recording parameters to record data in the sec- 
ond to N-th information recording layers, and a second 
to N-th user data recording region for recording user da- 
ta. Before data is recorded in the first to N-th information 45 
recording layers; laser light is Irradiated via at least one 
of the second to N-th recording learning regions to at 
least a portion of the control data regions, and control 
data that is recorded In the control data region Is repro- 
duced. 50 
[0011] Yet another aspect of the present Invention is 
a reproduction method for reproducing data recorded In 
tracks by irradiating laser light from one side, the tracks 
being provided respectively in a plurality of information 
recording layers Included in the optical disk. The optical 55 
disk comprises a first Information recording layer, and 
second to N-th information recording layers (with N be- 
ing an Integer of.two or greater) that are arranged further 



toward the side from which the laser light is Irradiated 
than the first Information recording layer and which are 
arranged In order from the side near the first information 
recording layer. The first information recording layer 
comprises a read-only control data region , a first record- 
ing learning region for learning recording parameters to 
record data in the first information recording layer, and 
a first user data recording region for recording user data. 
The second to N-th information recording layers respec- 
tively comprise a second to N-th recording learning re- 
gion for learning recording parameters to record data in 
the second to N-th information recording layers, and a 
second to N-th user data recording region for recording 
user data. Before data is reproduced from the first to N- 
th information recording layers, laser light is Irradiated 
via at least one of the second to N-th recording learning 
regions to at least a portion of the control data regions, 
and control data that is recorded In the control data re- 
gion Is reproduced. 

FIG. 1 is a perspective view showing an optical disk 
according to Embodiment 1 of the present Inven- 
tion. 

FIG. 2 is a diagram of the structure of the first infor- 
mation recording layer in this optical disk of Embod- 
iment 1 of the present invention. 
FIG. 3 is a diagram of the structure in which regions 
are arranged in the information recording layers of 
the optical disk according to Embodiment 1 of the 
present invention. 

FIG. 4 is a diagram of the arrangement of the re- 
gions, which shows the relationship of the radial po- 
sitions of the main regions Included In the first Infor- 
mation recording layer and the second information 
recording layer in the optical disk according to Em- 
bodiment 1 of the present invention. 
FIG. 5 is a diagram of the arrangement of the re- 
gions, which shows the relationship of the radial po- 
sitions of the main regions included in the first Infor- 
mation recording layer and the second infomriation 
recording layer an the optical disk according to Em- 
bodiment 2 of the present Invention. 
FIG. 6 Is a perspective view showing an optical disk 
according to Embodiment 3 of the present inven- 
tion. 

FIG. 7 Is a diagram of the arrangement of the re- 
gions, which shows the relationship of the radial po- 
sitions of the main regions included in the first to 
fourth Information recording layers in the optical 
disk according to Embodiment 3 of the presjsnt in- 
vention. 

FIG. 8 is a diagram of the arrangement of the re- 
gions, which shows the relationship of the radial po- 
sitions of the main regions Included In the first to 
fourth information recording layers in the optical 
disk according to Embodiment 4 of the present in- 
vention. 

FIG. 9 is a perspective view showing an optical disk 
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according to Embodiment 5 of the present inven- 
tion. 

FIG. 10 is a diagram of the arrangement of the re- 
gions, which shows the relationship of the radial po- 
sitions of the main regions included in the first to 
third information recording layers as well as a fur- 
ther information recording layer arranged to the rear 
of the first information recording layer with respect 
to the side from which laser light is irradiated, in the 
optical disk according to Embodiment 5 of the 
present invention. 

FIG. 11 Is a diagram of the arrangement of the re- 
gions, which shows the relationship of the radial po- 
sitions of the main regions included in the first to 
third information recording layers as well as a fur- 
ther information recording layer arranged to the rear 
of the first information recording layer with respect 
to the side from which laser light is irradiated, in the 
optical disk according to Embodiment 6 of the 
present invention. 

FIGS. 12A to 12D are cross-sectional drawings il- 
lustrating an example of a method for manufactur- 
ing a master stamper that is used in a method for 
manufacturing an optical disk according to the 
present invention. 

[0012] In the optical disk according to the present in- 
vention, the first information recording layer comprises 
a read-only control data region and a first recording 
learning region, and at least one of the second to N-th 
information recording layers (i-th information recording 
layer) arranged further toward the side from which laser 
light is irradiated than the first information recording lay- 
er comprises an I-th recording learning region that is ar- 
ranged within a region of radial positions at which the 
control data region of the first information recording lay- 
er is provided. That is to say, the first information record- 
ing layer and at least one of the second to N-th informa- 
tion recording layers are configured such that the re-, 
cording learning regions included therein are not dis- 
posed at the same radial positions (that is, the recording 
learning regions do not overiap). For example, explain- 
ing this for the case when there are two information re- 
cording layers (a first information recording layer and a 
second information recording layer) included in the op- 
tical disk of the present invention, the second Informa- 
tion recording layer includes a second recording leam- 
ing region for learning the recording parameters to 
record data in the second information recording layer, 
as well as a second user data recording region for re- 
cording user data, the first recording teaming region and 
the second recording learning region are arranged at re- 
gions of different radial positions, and the second re- 
cording learning region is arranged in opposition to the 
control data region. Consequently, even when the inten- 
sity of the laser light passing through the i-th information 
recording layer positioned in front is affected by the re- 
cording state of the i-th infonnation recording layer po- 



sitioned in front, suitable recording learning becomes 
possible for the first infonnation recording layer. More- 
over, the i-th recording learning region is arranged within 
a range of radial positions at which the control data re- 
5 gion of the first information recording layer is disposed. 
That is to say, the i-th recording learning region and the 
control data region overlaps but even if the intensity of 
the laser light changes due to the recording state of the 
i-th recording learning region when the laser light pass- 
10 es through the i-th information recording layer arranged 
in front, the quality of the control data reproduction sig- 
nal hardly is affected by that. Moreover, at least the con- 
trol data region, the first recording learning region and 
the first user data recording region may be arranged in 
IS that order from a radially inward side in the first informa- 
tion recording layer, and at least the i-th recording learn- 
ing region and the i-th user data recording region may 
be arranged in that order f i^om the radially inward side 
in the i-th Information recording layer. 
[0013] In the optical disk according to the present in- 
vention, when N is 3 or greater, and at least two infor- 
mation recording layers included in the second to N-th 
information recording layers each comprise a recording 
learning region for learning recording parameters to 
record data, then it is preferable that the recording team- 
ing regions included in those two information recording 
layers are arranged at different radial positions. Thus, 
when perfomriing the recording teaming in the informa- 
tion recording layer arranged to the rear when seen from 
the side from which laser light is irradiated, then the re- 
cording tear ning is not affected by the recording state of 
the information recording layer arranged to the front 
when seen from the side from which laser light is irradi- 
ated, so that suitable recording learning becomes pos- 
sible for the informaUon recording layer positioned to the 
rear. 

[0014] In the optical disk according the present inven- 
tion, when N Is 3 or greater, and when taking at least 
one of the third to N-th information recording layers as 
a j-th infonnation recording layer (with j being an integer 
satisfying 3 S j ^ N): and this j-th information recording 
layer comprises a j-th recording learning region for 
learning recording parameters to record data in the j-th 
information recording layer, then it is preferable that the 
j-th recording learning region is arranged within a region 
of radial positions at which regions are provided in which 
no data recording is performed in the second to G-'l)-th 
information recording layer. Thus, it is possible to realize 
an optical disk having a plurality of information recording 
layers, without diminishing the recording capacity. 
[0015] In the optical disk according to the present in- 
vention, when a k-th information recording layer (with k 
being an integer satisfying 1 ^ k ^ N-1 ) included in the 
first to N-th information recording layers comprises a k- 
th recording leaming region for learning recording pa- 
rameters to record data In the k-th information recording 
layer, and a (k+1)-th information recording layer includ- 
ed in the first to N-th infonnation recording layers com- 
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prises a (k+1)-th recording learning region for (earning 
recording parameters to record data in the (k+1)-th in- 
formation recording layer, then it is preferable that an 
innermost radius (R1) of the k-th recording learning re- 
gion, an outermost radius (R2) of the (k+1 )-th recording 
learning region, and a maximum value (Ae) of a track 
eccentricity in the k-th information recording layer and 
the (k+1)-th information recording layer satisfy the rela- 
tionship R1 - R2 ^ 2Ae. In this case, It Is preferable that 
the innennost radius (R1) of the k-th recording learning 
region, the outermost radius (R2) of the (k+1)-th record- 
ing learning region, the maximum value (Ae) of the track 
eccentricity in the k-th information recording layer and 
the {k+1)-th infonnation recording layer, and a beam di- 
ameter (D) of the laser light in the (k+1)-th information 
recording layer when the laser light is converged onto 
the k-th information recording layer satisfy the relation- 
ship R1 - R2 ^ 2Ae +0. Furthennore, it is preferable that 
the innemiost radius (R1) of the k-th recording learning 
region, the outermost radius (R2) of the (k+l )-th record- 
ing learning region, the maximum value (Ae) of the track 
eccentricity in the k-th information recording layer and 
the (k+1)-th information recording layer, and the toler- 
ance (Ar) of the radial position of a track starting end 
satisfy the relationship R1 - R2 ^ 2(Ae + Ar). And con- 
sidering the beam diameter (D) of the laser light in the 
(k+1 )-th information recording layer when the laser light 
Is converged onto the k-th information recording layer, 
it is preferable that the relationship R1 - R2 ^ 2(Ae + Ar) 
+ D is satisfied. By setting R1 - R2 in this manner, even 
when there is a track eccentricity or a tolerance of a 
track, it can be ensured that the k-th recording learning 
region and the (k+1 )-th recording learning region. includ- 
ed in adjacent information recording layers do not over- 
lap, so that the recording learning can be performed ad- 
equately for the k-th information recording region to the 
rear. 

[0016] In the optical disk according to the present in- 
vention, it is preferable that a distance from the side from 
which the laser light is irradiated to the first information 
recording layer is equivalent to a distance, in an optical 
disk having a single information recording layer, from the 
side from which the laser light is irradiated to the single 
Infomiation recording layer. 

[0017] In the optical disk according to the present in- 
vention, control data relating to the first to N-th Informa- 
tion recording layers may be stored in the control data 
region. In this case, identification information of all infor- 
mation recording layers can be obtained by accessing 
the first infonnation recording layer, and there is the ad- 
vantage that the start-up operation can be performed 
faster, for example. 

[0018] In the optical disk according to the present In- 
vention, writing of user data to the first to N-th informa- 
tion recording layers may be perfomried continuously 
from a radially inward side to a radially outward side or 
from the radially outward side to the radially inward side. 
By setting the writing direction in this manner, it is pos- 



sible to write user data into the information recording 
layer on the rear without being affected by the recording 
state of thei infomiation recording layers to the front. As 
a result, there is, for example, the advantage that a 
5 broader range of materials can be selected as the ma- 
terial for the information recording layers to the front is 
broadened. 

[0019] In the optical disk according to the present in- 
vention, it is preferable that control data is pre-recorded 

10 in the control data region by at least one selected from 
embossed pits, wobble grooves and wobble pits. 
[0020] The plurality of information recording layers in 
the optical disk of the present invention further may com- 
prise an Information" recording layer that is arranged on 

15 the opposite side of the first infonnation recording layer 
with respect to the side from which laser light is irradi- 
ated. 

[0021] According to the method for manufacturing an 
optical disk according to the present invention, a first 
20 information recording layer and an i-th information re- 
cording layer, which is at least one of a second to N-th 
information recording layer, are fomied such that the 
first information recording layer and the i-th information 
recording layer are arranged at different radial positions, 
25 and the i-th recording learning region is arranged within 
a region of radial positions at which a control data region 
is provided. Consequently, it is possible to provide an 
optical disk allowing recording learning with high preci- 
sion for the first information recording layer, regardless 
30 of the recording state of the i-th information recording 
layer positioned to the side from which laser light is ir- 
radiated in the disk according to the present invention. 
[0022] According to the data recording method and 
the data reproducing method of the present invention, 
35 before data is recorded or reproduced, laser light is ir- 
radiated onto the control data region via the recording 
learning regions of the information recording layers ar- 
ranged to the front of the first information recording layer 
when seen from the side from which laser light is Irradi- 
40 ated, and the control data is reproduced. Thus, identifi- 
cation information or the like can be obtained for each 
information recording layer, and data recording and re- 
production can be performed with suitable parameters 
for each information recording layer. 
45 [0023] The following is a more detailed explanation of 
embodiments of the present invention, with reference to 
the accompanying drawings. 

Embodiment 1 

50 

[0024] FIG. 1 is a perspective view showing an em- 
bodiment of an optical disk according to the present in- 
vention. The optical disk 101 according to this embodi- 
ment is a single-side dual-layer optical disk that is pre- 
ss vided with two infonnation recording layers, in which re- 
cording and reproduction of data on the information re- 
cording layers are perfonned with laser light that is irra- 
diated from one side. In FIG. 1, numeral 102 denotes a 
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substrate, numeral 103 denotes a first information re- 
cording layer, numeral 1 04 denotes a spacer layer made 
of an adhesive resin or the like, numeral 105 denotes a 
second information recording layer, and numeral 106 
denotes an optically transparent layer. Laser light is ir- 
radiated from the side of the optically transparent layer 
106 and data is recorded in the first information record- 
ing layer 1 03 and the second information recording layer 
105, or reproduced therefrom. As for the thickness of 
the respective layers, the optically transparent layer 1 06 
is set to 70 to 80 |j,m, the spacer layer 104 is set to 20 
to 30 p.m (the total thickness of the optically transparent 
layer 106 and the spacer layer 104 being set to 95 to 
105 p,m), the substrate 102 is set to 1 .1 mm, and both 
the first infomriation recording layer 1 03 and the second 
information recording layer 1 05 are set to several 1 0 nm 
to several 100 nm. The laser light for recording on or 
reproducing from an optical.disk provided with such lay- 
ers has, for example, a wavelength of 405 nm and the 
numerical aperture of the condensing lens may be, for 
example, 0.85. 

[0025] In the dual-layer optical disk 1 01 of the present 
embodiment, it is preferable that the position of the first 
information recording layer 103 with respect to the side 
from which the light is irradiated is the same as the po- 
sition, with respect to the side from which the light is 
irradiated, of the infonmation recording layer of a single- 
layer optical disk (not shown in the drawings) having on- 
ly one information recording layer. For example, the first 
information recording layer 103 may be arranged at a 
position of about 1 00 \im from the side from which light 
Is irradiated. 

[0026] FIG. 2 shows the structure of the first informa- 
tion recording layer 1 03 in this optical disk 101 . The first 
infomnation recording layer 103 is provided with a track 
201 , The track 201 may befonned as a plurality of tracks 
arranged in concentric circles, or it may be formed as a 
single spiral-shaped track, or as a plurality of spiral- 
shaped tracks. 

[0027] The first information recording layer 103 in- 
cludes a prerecorded region 202 and a recordable re- 
gion 203. In the prerecorded region 202. various kinds 
of parameters that are necessary for accessing the first 
infon-nation recording layer 103 are stored. The prere- 
corded region 202 is arranged at the inner circumfer- 
ence of the optical disk. The test recording for the re- 
cording leaming and the recording of user data are car- 
ried out in the recordable region 203. The recordable 
region 203 is arranged radially outward from the prere- 
corded region 202. 

[0028] It should be noted that FIG. 2 shows the con- 
figuration of the first information recording layer 1 03, but 
the configuration of the second infomnation recording 
layer 1 05 is substantially the same. 
[0029] FIG. 3 shows one example of the structure in 
which regions are arranged in the first infonmation re- 
cording layer 103 and the second information recording 
layer 105 of the optical disk 101 shown in FIG. 1 . 



[0030] The prerecorded region 202a of the first infor- 
mation recording layer 103 is a region recording such 
information as identification Information of the optical 
disk. In this region, the infonmation is recorded in em- 
5 bossed pits, wobble grooves or wobble pits or the like 
formed in the substrate 1 02 or the spacer layer 1 04 (see 
FIG. 1). 

[0031] The prerecorded region 202a includes a pro- 
tection region 301 a serving as a buffer and a control da- 

10 ta region 302a. Recorded as ID infomriation of the optical 
disk In the control data region 302a is at least one of 
disk type, disk size, disk structure, channel bits, data 
zone arrangement information, linear recording speed, 
maximum reproduction power, recording power infor- 

is mation , recording pulse Infomnation and disk-specific in- 
formation. In this embodiment, the control data region 
302a includes both infomnation relating to the first infor- 
mation recording layer and information relating to the 
second information recording layer 

20 [0032] The prerecorded region 202b of the second in- 
formation recording layer includes at least a protection 
region 301b sen/ing as a buffer. 

[0033] A recordable region 203a of the first informa- 
tion recording layer includes a protection region 303a 

25 not including any data, a first recording learning region 
304a, a buffer region 305a, a drive management infor- 
mation region 306a used for storing information such as 
the various characteristics of the optical disk 1 01 /a buff- 
er region 307a: a user data recording region 308a for 

30 storing user data and the like, a buffer region 309a, a 
reserved region 310a, which is an empty region for fu- 
ture expansion, a buffer region 311a, and a protection 
region 312a not including any data. The protection re- 
gion 303a can be used as a region for shifting the track 

35 pitch if the track pitch of the prerecorded region 202a 
and the recordable region 203a are different. 
[0034] The recordable region 203b of the second in- 
formation recording layer includes a second recording 
learning region 302b, a protection region 303b, a re- 

40 served region 304b, a buffer region 305b, a reserved 
region 306b, a buffer region 307b, a user data region 
308b for storing user data and the like, a buffer region 
309b, a reserved region 310b, a buffer region 311b, and 
a protection region 312b. The protection regions 303b 

45 and 31 2b do not include any data. The reserved regions 
304b, 306b and 310b are empty regions for future ex- 
pansion. 

[0035] The protection region 303a included in the first 
information recording layer and the protection region 

50 303b included in the second information recording layer 
are arranged at the same radial positions. 
[0036] Furthermore, the second recording learning 
region 302b included in the second information record- 
ing layer is arranged at the sanne radial position as the 

55 control data region 302a of the first infomnation record- 
ing layer, or its radially outermost position is arranged 
at the same position as the radially outermost position 
of the control data region 302a. 
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[0037] The reserved region 304b, the buffer region 
305b and the reserved region 306b included in the re- 
cordable region 203b of the second infonnation record- 
ing layer may be arranged at the same radial positions 
as the first recording learning region 304a, the buffer re- 
gion 305a and the drive management information region 
306a, respectively, of the first Information recording lay- 
er. 

[0038] Furthermore, the buffer rieglon 307b, the user 
data recording region 308b, the buffer region 309b, the 
reserved region 310b, the buffer region 311b and the 
protection region 312b included In the recordable region 
203b of the second information recording layer may be 
arranged at the same radial position as the buffer region 
307a, the user data recording region 308a, the buffer 
region 309a, the reserved region 31 Oa, the buffer region 
31 1 a and the protection region 31 2a, respectively, of the 
first information recording layer 103. 
[0039] In this embodiment, the direction in which the 
optical disk 1 01 is rotated and the tracks are followed to 
record or reproduce information is from the Inner side to 
the outer side (see arrow 313a) for the first infonnation 
recording layer 1 03, and from the outer side to the inner 
side (see arrowSI 3b) forthe second infonnation record- 
ing layer 105, and recording and reproduction is per- 
formed continuously across them. Moreover, In this em- 
bodiment, before recording or reproducing data with this 
optical disk, first, a portion or ail of the control data re- 
corded in the control data region 302a of the first infor- 
mation recording layer is read out by irradiating laser 
light onto the control data region 302a via the second 
recording learning region 302b of the second Informa- 
tion recording layer 

[0040] FIG. 4,1s a diagram of the arrangement of the 
regions, which shows the relationship of the radial po- 
sitions of the main reglpns included in the first informa- 
tion recording layer and the second information record- 
ing layer in the optical disk of the present embodiment. 
In FIG. 4, the protection region 301 a, the control data 
region 302a, the protection region 303a, the first record- 
ing learning region 304a, the buffer region 305a, the 
drive management Information region 306a, the buffer 
region 307a, and the user data recording region 308a 
of the first information recording layer are shown In the 
upper portion. The protection region. 301b, the second 
recording learning region 302b, the protection region 
303b, the reserved region 304b. the buffer region 305b, 
the reserved region 306b, the buffer region 307b, and 
the user data recording region 308b of the second infor- 
mation recording layer are shown in the lower portion. 
[0041] The second recording learning region 302b Is 
arranged in opposition to the control data region 302a 
of the first information recording layer That is to say, the 
second recording learning region 302b Is arranged with- 
in the range of radial positions at which the control data 
region 302a is provided. It should be noted that if there 
are track eccentricities or tolerances, then a portion of 
the second recording learning region 302b may protrude 



slightly from the control data region 302a (and overlap 
slightly with the protection region 303a), but also in such 
a case, the second recording learning region 302b is re- 
garded to be arranged within the range of radial posi- 

5 tions of the control data region 302a. More specifically, 
the outermost radius R2 of the second recording learn- 
ing region 302b is the same as the outermost radius R4 
of the control data region 302a, and the innennost radius 
R3 of the second recording learning region 302b is the 

10 same as or larger than the innermost radius R5 of the 
control data region 302a. In the control data region 
302a, the laser light is irradiated onto the pits or wobble 
shapes, the amount of reflected light is measured, and 
only the control data recorded there are reproduced. 

15 When the laser light passes through the second infor- 
mation recording layer, the quality of the reproduction 
signal of the control data is hardly affected at all even 
when there are intensity changes, due to the recording 
state of the second recording learning region 302b. 
20 [0042] Referring to FIGS. 12A to 12D, the following Is 
a simple explanation of a method for manufacturing an 
optical disk according to an embodiment of the present 
invention (see FIG. 1). 

[0043] First, a master stamper for forming tracks or 

25 embossed pits for recording infonnation signals in the 
substrate 102 is fabricated. The following is a descrip- 
tion of an example of a method for forming the master 
stamper. First, a photoresist is applledto a stamper plate 
1001 to form a photoresist layer 1002 (see FIG. 12A). 

30 The stamper plate 1 001 thus provided with this photore- • 
sist layer 1002 is rotated, and a spiral-shaped track 
forming portion Is exposed on the photoresist layer 1 002 
by irradiating laser light onto the photoresist layer 1 002 
while moving the irradiation position at a predetermined 

35 speed in the radial direction (see FIG. 1 2B). In FIG. 1 2B, 
numeral 1 003 denotes exposed portions in the photore- 
sist layer 1002. During this, the track can be provided 
with a certain wobble by arranging an optical deflector 
(not shown in the drawings) in the light path of the laser 

40 light, and letting the laser light oscillate slightly back and 
forth in the radial direction in accordance with an input 
signal (for example a signal corresponding to the ad- 
dress information). Thus, the address information can 
be recorded over the entire disk surface as the wobble 

45 of the track. Furthemnore, it is also possible to form the 
track not only with a wobble in accordance with the ad- 
dress information, but also with a wobble in accordance 
with the control data at the radial position corresponding 
to the above-noted control data region. Thus, by forming 

50 the control data at a predetermined position, it is possi- 
ble to perform a control data region at a predetermined 
radial position. After the exposure, lands and grooves 
are formed by developing and etching (see FIG. 12C). 
Then, a master stamper 1004 is fonned by transferring 

55 this structure of lands and grooves (see FIG 12D). The 
optical disk of this embodiment employs what is called 
"in-groove recording" in which data is recorded on 
grooves, which form projections as seen from the side 
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from which the laser light is irradiated. Thus, a mother 
stamper 1005 (see FIG. 12F) further Is formed by trans- 
ferring the pattern of the master stamper 1004. 
[0044] Using the mother stamper 1 005 formed as de- 
scribed above, a substrate 1 02 is formed whose surface 
is provided with a track corresponding to address sig- 
nals or control data, by injection molding using a mate- 
rial such as polycarbonate or PMMA. By forming the 
substrate 102 in this manner, it is possible to arrange 
the regions of the first information recording layer 1 03 
formed in the substrate 1 02 at a laterstep In the arrange- 
ment shown In FIG. 4. It should be noted that In the 
above-described method, the control data region was 
formed with a wobble, but the control data region may 
also be formed by embossed pits. In this case, a light 
intensity modulator is provided Instead of the light de- 
flector in the laser light path, and pit-shaped exposed 
portions can be fonned in the photoresist layer by mod- 
ulating the intensity of the laser light in accordance with 
an input signal (here, a signal corresponding to the con- 
trol data). Also for this case, the processing after the 
developing is siniilar to that for the case of wobble. 
[0045] After this, the first Information recording layer 
103, which Is made of a plurality of optical thin films, Is 
formed by sputtering on the substrate 1 02. The plurality 
of optical thin films are, for example, a multi-layer film 
made of a metal reflective film, a dielectric protection 
layer, an interface layer, a recording layer, an interface 
layer and a dielectric protection layer formed In this or- 
der on the substrate. In this multi-layer film, it is also 
possible to leave out one of the interface layers or die- 
lectric layers. Moreover, for the recording layer, a rewri- 
table phase change material Including Ge, Te and Sb, 
a write-once phase change material including Te, Pd 
and O, for example, or a write-once metal material in- 
cluding Cu and Si ban be used. Moreover, it is also pos- 
sible to provide a pigmented recording layer as the op- 
tical thin film, and to use spin-coating instead of sputter- 
ing in this case. 

[0046] Afterthe multi-layered film has been formed on 
the substrate 102, a spacer layer 104 made of a resin 
is formed. Using a separately fabricated master stamper 
(a stamper that is different from the one used for the 
fabrication of the substrate 102; the method for fomning 
this master stamper is similar to the above-described 
method for fabricating the master stamper), tracks and 
embossed pits for recording Information signals are 
formed by a photo-polymerization (2P) method or a 
method of pressing the master stamper onto a sheet- 
shaped double-sided tape also on the surface that is 
formed on the side of the spacer layer 1 04 on which the 
second information recording layer Is fonmed. By form- 
ing the spacer layer 104 in this manner, the regions of 
the second information recording layer 105 formed on 
the spacer layer 1 04 in a later step can be arranged as 
shown in FIG. 4. 

[0047] After the spacer layer 1 04 has been formed, 
the second information recording layer 1 05 Is formed by 



the same method as the first Information recording layer 
103, but a portion of the laser light for recording/repro- 
duction is transmitted through the second information 
recording layer 1 05, so that it has a configuration that is 

s different from that of the optical thin films of the first in- 
formation recording. layer 103. For example, a configu- 
ration is conceivable In which the metal reflective layer 
Is formed thinner or eliminated, or a configuration in 
which the transmittance is increased by providing a di- 

10 electric layer with a high refractive index between the 
metal reflective layer and the spacer layer 1 04. 
[0048] After forming the second information recording 
layer 1 05, the optically transparent layer i 06 is formed. 
The optically transparent layer 106 can be fonned, for 

15 example, using a method of applying a light-curing resin 
and spin-coating, or using a method such as laminating 
a resin sheet. 

[0049] As described above, an optica! disk 101 in 
which the regions are arranged at the above-noted po- 

20 sitions (see FIG. 4) can be fabricated by f onnlng the sub- 
strate 102 and the spacer layer 104 using a master 
stamper provided with a track or embossed pits corre- 
sponding to address signals or control data. 
[0050] In the optical disk of this embodiment, as 

25 shown In FIG. 4, by arranging the control data region 
302a at a radial position that overiaps with the second 
recording learning region 302D, there is no need to add 
a reserved region to the region opposing the second re- 
cording learning region 302b In the first Information re- 

30 cording layer. Ordinarily, in the case of single-layer op- 
tical disks provided with one information recording layer, 
there is no other infomDation recording layer (corre- 
sponding to the second information recording layer of 
the optical disk of the present embodiment) in front of 

35 the information recording layer (further from the infor- 
mation recording l^yzr to the side from which the laser 
light is irradiated), so that there is no reserved region for 
preventing the Influence due to the recording learning 
region in the information recording layer to the front. In 

40 the optical disk of the present embodiment, the first in- 
formation recording layer can be provided with the same 
region configuration as such a single-layer optical disk. 
For example, the innemnost radius RO of the user data 
recording regions 308a and 308b can be made the same 

45 as in the case of a single-layer optical disk, so that the 
recording capacity for the user data is not diminished. 
Thus, the radius and addresses of the user data regions 
308a and 308b are no different from the case of a single- 
layer disk, so that it becomes easy to access the data 

50 for recording or reprc .ruction with the optical disk of the 
present embodimeni ...:ng a disk recording/reproducing 
apparatus. Therefore it is possible to avoid a reduction 
of recording capacity of the user data or the like. 
[0051] Moreover, the protection region 303a is ar- 

55 ranged between the control data region 302a and the 
first recording teaming region 304a. The protection re- 
gion 303a has a width that corresponds to the difference 
between the innennost radius R1 of the first recording 
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learning region 304a and the outemnost radius R2 of the 
second recording learning region 302b. In this embodi- 
ment, the width (R1 - R2) of the protection region 303a 
is set taking into consideration the maximum value (Ae) 
of the eccentricity of the tracks of the first and the second s 
information recording layer, the beam diameter (D) of 
the laser beam in the second information recording layer 
when the laser light Is converged onto the first informa- 
tion recording layer, and the tolerance (Ar) of the radial 
position of the track starting end. Thus, even when there io 
is an eccentricity and a tolerance to the tracks, the first 
recording learning region 304a and the second record- 
ing learning region 302b can be arranged such that they 
do not overlap, so that the recording learning can be car- 
ried out suitably. Generally, the eccentricity and toler- is 
ance of the tracks may occur in opposite directions be- 
tween the two information recording layers (i.e. between 
the first information recording layer and the second in- 
formation recording layer), so that assuming the worst 
case, it is preferable that R1 - R2 is set to R1 - R2 ^ 2 20 
X (Ae + Ar) + D. Thus, the width of the protection region 
303a becomes sufficient, and the recording learning can 
be performed more appropriately. 
[0052] Moreover, in the second infomriation recording 
layer, the reserved region 304b, in which no data Is re- 25 
corded. Is arranged at the same radial position as the 
first recording learning region 304a, so that a stable re- 
cording learning can be performed through this second 
Information recording layer that Is always In the same 
state (that is, in an unrecorded state or, If any Information 30 
are recorded In the reserved region 304b in the future, 
a state of being recorded at the optimum recording pow- 
er). 

[0053] Furthermore, in this embodiment, media-char- 
acleristic infornriation, such as the recording pulses of 35 
both the first information recording layer and the second 
infomnation recording layer, are stored in the control da- 
ta region 302a of the first information recording layer. 
Thus, all Identification information can be obtained by 
accessing the first information recording layer first, so 
that there Is the advantage that the start-up operation 
of the optical disk dhve becomes faster. 
[0054] Moreover, an optical disk recording/reproduc- 
ing apparatus with which user data can be recorded on 
or reproduced from the dual-layer optical disk of this em- 
bodlment ordinarily can record or reproduce user data 
with respect to single-layer optical disks as well. As not- 
ed above, in the dual-layer optical disk of the present 
embodiment, the position of the first infonnation record- 
ing layer with respect to the side from which light is ir- so 
radiated is the same as the position of the information 
recording layer with respect to the side from which light 
is irradiated in a single-layer optical disk that has only 
one Information recording layer. That is to say, the dual- 
layer optical disk according to the present embodiment ss 
has a control data region 302a in a first information re- 
cording layer that is arranged at the same position with 
respect to the side from which light Is irradiated as in the 
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information recording layer of a single-layer optical disk. 
Consequently, when an optical disk recording/reproduc- 
ing device loads the dual-layer optical disk according to 
the present embodiment, then laser light can be irradi- 
ated onto the control data region 302a using the condi- 
tions that are optically the same as for a single-layer op- 
tical disk. Therefore, the effect Is attained that the iden- 
tification information can be read in smoothly. 
[0055] It should be noted that the direction of the re- 
cording and the reproduction is set as indicated by the 
arrows 313a and 313b In FIG. 3, and the user data is 
recorded continuously from the Inner side to the outer 
side in the first information recording layer, and if the 
user data recording region 308a of the first Information 
recording layer becomes full, the user data may be re- 
corded from the outer side to the inner side of the second 
information recording layer. In this case, when the user 
data is recorded in the first information recording layer, 
the second information recording layer through which 
the laser light passes through is in a completely unre- 
corded state, so that It is possible to use a recording 
material with which the transmitted light is affected by a 
recording in the second information recording layer, 
even at the optimum recording power, thus broadening 
the range of materials that can be selected for the sec- 
ond information recording layer. Even when using such 
a recording material, the first recording learning-region 
. 304a does not overlap with the second recording learn- 
ing region 302b in this configuration, so that, needless 
to say, the recording learning is performed optimally. In 
particular In write-once optical disks that can be record- 
ed only once, recording ordinarily is carried out contin- 
uously from the inner side to the outer side or from the 
outer side to the Inner side as described above, so that 
the advantages of using the present embodiment are 
significant. 

Embodiment 2 

[0056] The following is a description of an optical disk 
according to another embodiment of the present inven- 
tion. The optical disk according to this embodiment is 
provided with two information recording layers, and oth- 
er than the structure of the regions arranged in the In- 
formation recording layers, it is the same as the optical 
disk according to Embodiment 1 . Consequently, with the 
optical disk of the present embodiment, a similar effect 
to the optical disk according to Embodiment 1 can be 
attained. 

[0057] FIG. 5 is a diagram of the arrangement of the 
regions, which shows the relationship of the radial po- 
sitions of the main regions Included In the first Informa- 
tion recording layer and the second information record- 
ing layer in the optical disk of the present embodiment. 
In FIG. 5, the protection region 301a, the control data 
region 302a, the protection region 303a, the first record- 
ing learning region 304a, the buffer region 305a, the 
drive management information region 306a, the buffer 
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region .307a, and the user data recording region 308a 
of the first information recording layer are shown in the 
upper portion. The protection region 301b, the second 
recording learning region 302b, a reserved region 501b, 
the protection region 303b, the resen/ed region 304b, s 
the buffer region 305b, the reserved region 306b, the 
buffer region 307b, and the user data recording region 
308b of the second information recording layer are 
shown in the lower portion. It should be noted that the 
regions that are substantially the same as the regions io 
of the optical disk of Embodiment 1 are denoted by the 
same reference numerals as in Embodiment 1 (see FIG. 
4), and their further explanation has been omitted. 
[0058] In the optical disk of this embodiment, the sec- 
ond recording learning region 302b is arranged In the ^5 
region in opposition to the control data region 302a. That 
is to say, the second recording learning region 302b is 
arranged within the range of radial positions at which 
the control data region 302a is provided. It should be 
noted that if there are track eccentricities or tolerances, 
then a portion of the second recording leaming region 
302b may protrude slightly from the control data region 
302a (and overlap slightly with ihe protection region 
301a), but also in such a case, the second recording 
leaming region 302b is assumed to be arranged within 25 
the range of radial positions of the control data region . 
302a. More specifically, the innermost radius R3 of the 
second recording teaming region 302b is the same as 
or largerthan the innermost radius R5 of the control data 
region 302a, and ths outermost radius R2 of the second 30 
recording learning region 302b is arranged to be smaller 
than the outermost radius R4 of the control data region 
302a. As was explained for Embodiment 1, when the 
laser light passes through the second infomriation re- 
cording layer, the quality of the reproduction signal of 55 
the control data hardly is affected at all, even when there 
are intensity changes due to the recording state of the 
second recording learning region 302b. Furthenmore, 
like in Embodiment 1 , by arranging the control data re- 
gion 302a at a radial position that overiaps with the sec- 
ond recording learning region 302b, there is no need to 
add a reserved region to the region opposing the second 
recording learning region 302b in the first information 
recording layer, and it is possible to provide the first in- 
formation recording layer with the same regional config- 45 
uration as a single-layer optical disk. For example, the 
innermost radius RO of the user data recording regions 
308a and 308b can be made the same as In the case of 
a single-layer optical disk, so that the recording capacity 
for the user data is not diminished. Thus, the radius and 50 
addresses of the user data regions 308a and 308b are 
no different from the case of a single-layer disk, so that 
It becomes easy to access the data for recording or re- 
production with the optical disk of the present embodi- 
ment using a disk recording/reproducing apparatus. S5 
Therefore, it is possible to avoid a reduction of recording 
capacity of the user data or the like. 
[0059] Moreover, the reserved region 501b is ar- 
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ranged adjacent to the outer side of the second record- 
ing learning region 302b, and the combined width of this 
reserved region 501b and the protection region 303b 
corresponds to the difference between the innermost ra- 
dius R1 of the first recording learning region 304a and 
- the outermost radius R2 of the second recording leam- 
ing region 302b. In this embodiment, the combined 
width (R1 - R2) of the reserved region 501 b and the pro- 
tection region 303b is set taking into consideration the 
maximum value (Ae) of the eccentricity of the tracks of 
the first and the second information recording layer, the 
beam diameter (D) of the laser beam in the second in- 
formation recording layer when the laser light is con- 
verged onto the first information recording layer, and the 
tolerance (Ar) of the radial position of the track starting 
end. Thus, even when there is an eccentricity and a tol- 
erance to the tracks, the first recording learning region 
304a and the second recording leaming region 302b 
can be arranged such that they do not overlap, so that 
the recording learning can be carried out suitably. In this 
embodiment, not only the protection region 303b, but 
also the reserved region 501 b is used to provide the de- 
sired gap between the first information recording leam- 
ing region and the second information recording leam- 
ing region. Consequently, the w'dth of the protection re- 
gion 303a of the first information, recording layer and the 
protection region 303b of the second information record- 
ing layer can be made smaller by an amount corre- 
sponding to the reserved region 501b, so that a dimin- 
ishing of the recording capacity of the user data and the 
like can be suppressed even better. 
[0060] In the optical disks of the above-described Em- 
bodiments 1 and 2, It Is also possible to make the track 
pitch of the prerecorded regions, in particularof the con- 
trol data region, broader than the track pitch in the re- 
cordable regions, in order to stabilize the reproduction 
of identification information in the control data region. In 
this case, the prerecorded region in the second informa- 
tion recording layer is only the protection region 301b, 
so that the track pitch in the protection region 301b can 
be made the same as in the recordable region. 

Embodiment 3 

[0061] FIG. 6 is a perspective view showing an optical 
disk according to yet another embodiment of the present 
invention. The optical disk 401 according to the present 
embodiment is a single-side four-layer disk that is pro- 
vided with four infonnation recording layers, in which re- 
cording and reproduction of data on the information re- 
cording layers are performed with laser light that is irra- 
diated from one side. 

[0062] In the optical disk 401 of this embodiment, nu- 
meral 402 denotes a substrate,. numeral 403 denotes a 
first information recording layer, numeral 404 denotes a 
first spacer layer, numeral 405 denotes a second infor- 
mation recording layer, numeral 406 denotes a second 
spacer layer, numeral 407 denotes a third information 
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recording layer, 408 denotes a third spacer layer, nu- 
meral 409 denotes a fourth Information recording layer, 
and numeral 41 0 denotes an optically transparent layer. 
The first to third spacer layers 404, 406 and 408 are 
made of an adhesive resin or the like. Laser light Is Ir- 
radiated from the side of the optically transparent layer 
41 0 and data is recorded in the first infonnation record- 
ing layer 403, the second infonnation recording layer 
405; the third infpnnatlon recording layer 407, and the 
fourth information recording layer 409, or reproduced 
therefrom. 

[0063] In the four-layer disk 401 of this embodiment, 
it is preferable that the position of the first information 
recording layer 403 with respect to the side from which 
light is irradiated is the same as the position of the in- 
formation recording layer of a single-layer optical disk 
(not shown in the drawings) having only one information 
recording layer with respect to the side from which light 
is irradiated. Accordingly, regarding the thicknesses of 
the layers in this embodiment, the optically transparent 
layer 410 is set to about 40 to 60 ^m, the first spacer 
layer 404, the second spacer layer 406 and the third 
spacer layer 408 are set to about 15 to 20 ^jn, the sub- 
strate 402 is set to about 1 .1 mm, and the first informa- 
tion recording layer 403, the second information record- 
ing layer 405, the third information recording layer 407 
and the fourth Information recording layer 409 are each 
set to several 1 0 to several 1 00 nm, for example. 
[0064] FIG. 7 is a diagram showing the relationship of 
the radial positions of the main regions included in the 
optical disk of the present embodiment. FIG. 7 shows 
the first Information recording layer at the uppermost 
level, the second infonnation recording layer at the fol- 
lowing level, thejthird information recording layer at the 
next following leyel, and the fourth information recording 
layer at the lowermost level, and illustrates the arrange- 
ment of the regions in each of the information recording 
layers. In the first information recording layer, a protec- 
tion region 701 a^ a control data region 702a, a protection 
region 703a, a first recording learning region 704a, a 
buffer region 705a, a drive management information re- 
gion 706a, a buffer region 707a, and a user data record- 
ing region 708a are arranged in that order from the inner 
circumference of the disk. In the second information re- 
cording layer, a protection region 701b, a second re- 
cording learning region 702b, a protection region 703b, 
a reserved region 704b, a buffer region 705b, a reserved 
region 706b, a buffer region 707b, and a user data re- 
cording region 7C8b are arranged in that order from the 
Inner circuhiference of the disk. In the third information 
recording layer, a protection region 701c, a third record- 
ing learning region 702c, a protection region 703c, a re- 
served region 704c, a buffer region 705c, a reserved re- 
gion 706c. a buffer region 707c, and a user data record- 
ing region 708c are arranged in that order from the inner 
circumference of the disk. And finally in the fourth infor- 
mation recording layer, a protection region 701 d, a 
fourth recording learning region 702d, a protection re- 



gion 703d, a reserved region 704d, a buffer region 705d, 
a reserved region 706d, a buffer region 707d, and a user 
data recording region 708d are arranged in that order 
from the inner circumference of the disk. 
5 [0065] In the optical disk of this embodiment, the sec- 
ond recording learning region 702b, the third recording 
learning region 702c, and the fourth recording learning 
region 702d are all arranged within the range of radial 
positions at which the control data region 702a of the 
10 first information recording layer is provided, and overlap 
with the control data region 702a. That is to say, in this 
embodiment, the second to fourth information recording 
layers all correspond to an l-th Information recording lay- 
er as explained above. Being arranged in this manner, 
15 as in the dual-layer optical disks of Embodiment 1 and 
Embodiment 2, even when the transmittance of the sec- 
ond, third or fourth recording learning regions 702b, 
702c and 702d changes due to their recording state, this 
will not affect the recording learning for the first informa- 
20 tion recording layer. Consequently, as in the dual-layer 
optical disks of Embodiment ! and Embodiment 2, re- 
cording learning with high precision becomes possible 
for the first Infonnation recording layer. 
[0066] Furthermore, in this embodiment, the second 
25 recording learning region 702b, the third recording 
learning region 702c, and the fourth recording learning 
region 702d are arranged at different radial positions, 
so that even when the transmittance of the third or fourth 
recording learning regions 702c and 702d changes due 
30 to their recording state, this will not affect the recording 
learning for the second information recording layer, and 
even when the transmittance of the fourth recording 
learning region 702d changes due to Its recording state, 
this will not affect the recording learning for the third in- 
55 formation recording layer. Thus, recording learning with 
high precision becomes possible also for the second 
and third information recording layers. 
[0067] Moreover, the third recording learning region 
702c and the fourth recording learning region 702d are 
40 arranged within the range of radial positions at which 
the protection region 701b is provided in the second in- 
formation recording layer, and overlap with the protec- 
tion region 701b. Furthermore, the fourth recording 
learning region 702d is arranged within the range of ra- 
45 dial positions at which the protection region 701 b of the 
second information recording layer is provided and the 
protection region 701c of the third information recording 
layer is provided, and overlaps with the protection re- 
gions 701b and 701c. That is to say. In this embodiment, 
50 the third and fourth infonnation recording layers corre- 
spond to a j-th information recording layer as explained 
above. This eliminates the need to provide an empty re- 
gion such as a reserved region in the information record- 
ing layers arranged behind (when seen from the side 
55 from which the laser light is irradiated) each Information 
recording layer, overlapping with the recording learning 
region of each information recording layer. As a result, 
it is possible to realize an optical disk having four infor- 
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mation recording layers. without reducing the recording 
capacity in each of the information recording layers. 
[0068] Furthermore, also with the optical disk of this 
embodiment, in two infomiation recording layers that 
are adjacent to each other, it is preferable that the dif- s 
ference (R1 - R2) between the innemriosl radius (R1) of 
the recording learning region of the information record- 
ing layer to the rear (corresponds to a k-th information 
recording layer as explained above) and the outermost 
radius (R2) of the recording learning region of the infor- 10 
mation recording layer to the front (corresponds to a 
(k+1)'th information recording layer as explained 
above) is set taking into consideration the maximum val- 
ue of the track eccentricity, the beam diameter of the 
laser light, and the tolerance of the radial position of the is 
track starting end, as in the optical disk of Embodiment 
1 . Moreover, also when recording or reproducing data 
with the optical disk of this embodiment, first, a portion 
or all of the control data recorded in the control data re- 
gion of the first infomiation recording layer is read out 20 
by irradiating laser light via at least one of the recording 
learning regions included in the second to fourth infor- 
mation recording layers onto at least a portion of the 
control data region , as in the optical disk of Embodiment 

1. 25 

Embodiment 4 

[0069] The following is a description of an optical disk 
according to yet another embodiment of the present in- 30 
vention. The optical disk according to this embodiment 
is similar to the optical disk of Embodiment 3, except for 
the arrangement of the regions arranged In the informa- 
tion recording layers. Consequently, with the optical disk 
of the present embodiment, a similar effect to the optical 35 
disk according to Embodiment 3 can be attained. 
[0070] FIG. 8 is a diagram showing the relationship of 
the radial positions of the main regions included in the 
optical disk of the present embodiment. In the first infor- 
mation recording layer, a protection region 701 a, a con- 
trol data region 702a, a protection region 703a, a first 
recording learning region 704a, a buffer region 705a, a 
drive management information region 706a, a buffer re- 
gion 707a, and a user data recording region 708a are 
arranged in that order from the inner circumference of ^5 
the disk. In the second information recording layer, a 
protection region 701 b, a second recording learning re- 
gion 702b, a reserved region 804b, a buffer region 705b, 
a reserved region 706b, a buffer region 707b, and a user 
data recording region 708b are arranged in that order so 
from the inner circumference of the disk. In the third in- 
formation recording layer, a protection region 701c, a 
third recording leaming region 702c, a reserved region 
804c, a buffer region 705c, a reserved region 706c, a 
buffer region 707c, and a user data recording region 55 
708c are arranged in that order from the Inner circum- 
ference of the disk. And finally in the fourth information 
recording layer, a protection region 701 d, a fourth re- 
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cording learhing region 702d, a reserved region 804d, 
a buffer region 705d, a reserved region 706d, a buffer 
region 707d, and a user data recording region 708d are 
arranged in that order from the inner circumference of 
the disk. It should be noted that regions that are sub- 
stantially the same as the regions of the optical disk ex- 
plained In Embodiment 3 are denoted by the same ref- 
erence numerals. 

[0071] In the second information recording layer of 
FIG. 8, the protection region 703b and the reserved re- 
gion 704b of the optical disk of Embodiments have been 
replaced by a newly provided reserved region 804b. 
Similarly, in the third information recording layer, the pro- 
tection region 703c and the reserved region 704c of the 
optical disk of Embodiment 3 been replaced by a 
newly provided reserved regio?; :?04c. And In the fourth 
information recording layer, the protection region 703d 
and the reserved region 704d of the optical disk of Em- 
bodiment 3 have been replaced by a newly provided re- 
sen/ed region 80^d. These reserved regions 804b, 804c 
and 804d do noi • • ?' }ap with f c-^ 'ding leaming regions 
of information ret.uiding layers ihe front of the infor- 
mation recording layer including these regions, so that 
it Is possible to record new administrative information 
such as addresses at which there are defects. Thus, It 
is possible to utilize the regions on the disk more effec- 
tively. 

Embodiment 5 

[0072] FIG. 9 is a perspective view showing an optical 
disk according to yet another embodiment of the present 
invention. The optical disk 601 according to this embod- 
iment Is a singb Je four-layer disk that is provided with 
four informalio.M * - jording layers, in which recording and 
reproduction of ::• la on the information recording layers 
are perf ornied with laser light that is irradiated from one 
side. 

[0073] In the optical dish ' .;1 of this embodiment, nu- 
meral 602 denotes a subs-a-o, numeral 604 denotes a 
first spacer layer, numeral 605 denotes a first informa- 
tion recording layer, numeral 606 denotes a second 
spacer layer, numeral 607 denotes a second Information 
recording layer. 608 denotes a third spacer layer, nu- 
meral 609 denotes a third information recording layer, 
and numeral 610 denotes an opt. jaliy transparent layer. 
The first to third spacer layers 604, 606 and 608 are 
made of an adhesive resin or the like. Laser light is ir- 
radiated from the side of the optically transparent layer 
610 and data is recorded in the first information record- 
ing layer 605, the second information recording layer 
607, and the third infonnation recording layer 609, or 
reproduced therefrom. The optical disk 601 of this em- 
bodiment Is further provided with an information record- 
ing layer 603 that is arranged on the side opposite to the 
side from which laser light is irradiated onto the first in- 
fonnation recording layer 605, which is taken as the ref- 
erence. For the sake of convenience, this information 
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recording layer 603 is referred to as the zero-th informa- 
tion recording layer As with the other infornnatlon re- 
cording layers, data Is recorded in the zero-th informa- 
tion recording layer 603 or reproduced therefrom by ir- 
radiating laser light from the side of the optically trans- 
parent layer 610. 

[0074] In the four-layer optical disk of this embodi- 
ment, it is preferable that the position of the first infor- 
mation recording layer 605 with respect to the side from 
which light is incident is the same as the position of the 
infomnation recording layer of a single-layer optical disk 
(not shown in the drawings) having only one information 
recording layer with respect to the side from which light 
is irradiated. Accordingly, regarding the thicknesses of 
the layers in this embodiment, the optically transparent 
layer 610 is set to about 50 to 70 |xm, the first spacer 
layer 604, the second spacer layer 606 and the third 
spacer layer 608 are set to about 15 to 25 ^m, the sub- 
strate 602 is set to about 1 .1 mm, and the first infornna- 
tlon recording layerSOS, the second information record- 
ing layer 607, the third infonnation recording layer 609 
and the zero-th Information recording layer 603 are set 
to several 1 0 to several 1 00 nm, for example. By taking 
the information recording layer arranged as the third 
from the side from which laser light is irradiated as the 
reference plane, there are two information recording lay- 
ers remaining on the side from which laser light is irra- 
diated, so that the optically transparent layer 61 0 and 
the first to third spacer layers 604, 606 and 608 can be 
formed thicker than in the case of the optical disk ex- 
plained in Embodiment 3. Thus, it is possible to reduce 
optical crosstalk between the information recording lay- 
ers. 

[0075] FIG. 10.:ls a diagram showing the relationship 
of the radial positions of the main regions included in the 
optical disk of the present embodiment. FIG. 1 0 shows 
the arrangement of the regions In the zero-th information 
recording layer at the uppermost level, the first informa- 
tion recording layer at the following level, the second 
infomiation recording layer at the then following level, 
and the third information recording layer at the lower- 
most level. In the first information recording layer, a pro- 
tection region 901a, a control data region 902a, a pro- 
tection region 903a, a first recording learning region 
904a, a buffer region 905a, a drive management infor- 
mation region 906a, a buffer region 907a, and a user 
data recording region 908a are arranged in that order 
from the Inner circumference of the disk. In the second 
infornnatlon recording layer, a protection region 901b, a 
second recording learning region 902b, a protection re- 
gion QOSb, a reserved region 904b, a buffer region 905b, 
a reserved region 906b, a buffer region 907b, and a user 
data recording region 908b are arranged in that order 
from the inner circumference of the disk. In the third in- 
formation recording layer, a protection region 901c, a 
third recording learning region 902c, a protection region 
903c, a reserved region 904c, a buffer region 905c, a 
reserved region 906c, a buffer region 907c, and a user 



data recording region 908c are arranged In that order 
from the inner circumference of the disk. And finally In 
the zero-th information recording layer, a protection re- 
gion 901 d, a control data region 902d, a protection re- 

5 gion 903d, a buffer region 905d, a zero-th recording 
learning region 906d, a buffer region 907d, and a user 
data recording region 908d are arranged in that order 
from the inner circumference of the disk. 
[0076] In the optical disk of this embodiment, the sec- 

*o ond recording learning region 902b and the third record- 
ing learning region 902c overlap with the control data 
region 902a of the first information recording layer and 
the control data region 902d of the zero-th information 
recording layer. That is to say, in this embodiment, the 

15 second and third information recording layers corre- 
spond to l-th information recording layers as explained 
above. 

[0077] Moreover, in the zero-th information recording 
layer, the protection region 903d is arranged at a loca- 

20 tion overlapping with the first recording learning region 
904a. Furthermore, the third recording learning region 
902c is arranged such that it overlaps with the protection 
region 901b of the second information recording layer. 
That is to say, in this embodiment, the third information 

25 recording layer corresponds to a j-th infonnation record- 
ing layer as explained above. Being arranged in this 
manner, as in the four-layer optical disks of Embodiment 
3 and Embodiment 4, even when the transmittance of 
the first, second, or third recording learning regions 

30 changes due to their recording state, this will not affect 
the recording learningforthe zero-th information record- 
ing layer. Even when the transmittance of second, or 
third recording learning regions changes due to their re- 
cording state, this will not affect the recording learning 

35 for the first information recording layer. Furthermore, by 
providing also the zero-th infonnation recording layer 
with a control data region, there are two regions provid- 
ed with control data, so that the possibility of failure in 
the readout of control data is reduced, and the user- 

40 friendliness of devices using the optical disk of the 
present embodiment is improved. 
[0078] Also with the optical disk of this embodiment, 
in two information recording layers that are adjacent to 
each other, it is preferable that the difference (R1 - R2) 

45 between the innermost radius (R1) of the recording 
learning region of the information recording layer to the 
rear (corresponds to a k-th information recording layer 
as explained above) and the outemiost radius (R2) of 
the recording learning region of the information record- 

so ing layer to the front (corresponds to a (k-i-1 )-th informa- 
tion recording layer as explained above) Is set taking 
into consideration the maximum value of the track ec- 
centricity, the beam diameter of the laser light, and the 
tplerance of the radial position of the track starting end, 

55 as in the optical disk of Embodiment 1 . Moreover, also 
when recording or reproducing data with the optical disk 
of this embodiment, as in the optical disk of Embodiment 
1 , the control data recorded in the control data region of 
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the first information recording layer or the zero-th infor- 
mation recording layer is read out by in^adiatlng laser 
light via the recording learning regions included in the 
second and third information recording layers onto the 
control data region to record or reproduce data. 

Embodiment 6 



that it is possible to record new administrative informa- 
tion such as addresses at which there are defects. Thus, 
it is possible to utilize the regions on the disk more ef- 
fectively. 



Claims 



15 



20 



25 



30 



[0079] The following is a description of an optical disk 
according to yet another embodiment of the present in- io 
vontion. The optical disk according to this embodiment 
is similar to the optical disk of Embodiment 5, except for 
the arrangement of the regions arranged in the informa- 
tion recording layer. Consequently, with the optical disk 
Of the present embodiment, a similar effect to the optical 
disk according to Embodiment 5 can be attained. 
[0080] FIG. 11 is a diagram showing the relation of the 
radial positions of the main regions Included in the op- 
tical disk of the present embodiment. In the first infor- 
mation recording layer, a protection region 901 a. a con- 
trol data region 902a, a protection region 903a, a first 
recording learning region 904a, a buffer region 905a, a 
drive management information region 906a, a buffer re- 
gion 907a, and a user data recording region 908a are 
arranged in that order from the inner circumference of 
the disk. In the second information recording layer, a 
protection region 901b, a second recording learning re- 
gion 902b, a reserved region 91 4b, a buffer region 905b, 
a reserved region 906b, a buffer region 907b, and a user 
data recording region 908b are arranged in that order 
from the inner circumference of the disk. In the third in- 
formation recording layer, a protection region 901c, a 
third recording leaming region 902c, a reserved region 
914c, a buffer region 905c, a reserved region 906c, a 
buffer region 907c. and a user data recording region 35 
908c are arranged in that order from the inner circum- 
ference of the disk. And finally in the zero-th information • 
recording layer, a protection region 901 d, a control data 
region 902d, a protection region 903d, a buffer region 
905d, a fourth recording learning region 906d, a buffer 
region 907d, and a user data recording region 908d are 
arranged in that order from the inner circumference of 
the disk. It should be noted that regions that are sub- 
stantially the same as the regions of the optical disk ex- 
plained in Embodiment 5 are denoted by the same ref- 
erence numerals. 

[0081] In the second infomnation recording layer of 
FIG. 1 1 , the protection region 903b and the reserved re- 
gion 904b of the optical disk of Embodiment 5 have been 
replaced by a newly provided reserved region 914b. 
Similarly, in the third information recording layer, the pro- 
tection region 903c and the reserved region 904c of the 
optical disk of Embodiment 5 have been replaced by a 
newly provided reserved region 914c. These reserved 
regions 914b and 914c do not overlap with recording 55 
leaming regions of information recording layers to the 
front (the side from which laser light is irradiated) of the 
infomriation recording layer including these regions, so 
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An optical disk comprising a plurality of information 
recording layers, in which data is recorded In tracks 
by laser light that is irradiated from one side, the 
tracks being provided respectively in the plurality of 
information recording layers; 

wherein the plurality of information recording 
layers comprise a first information recording layer, 
and second to N-th information recording layers 
(with N being an integer of two or greater) that are 
an-anged further toward the side from which the la- 
ser light is irradiated than the first information re- 
cording layer and which are arranged in order from 
the side near the first infonnation recording layer; 

wherein the first information recording layer 
comprises a read-only control data region, a first re- 
cording learning region for learning recording pa- 
rameters to record data in the first information re- 
cording layer, and a first user data recording region 
for recording user data; 

wherein, when taking at least one of the sec- 
ond to N-th information recording layers as an i-th 
information recording layer (with i being an integer 
satisfying 2 ^ i ^ N), that I-th infonnation recording 
layer comprises an i-th recording learning region for 
learning recording parameters to record data in the 
i-th information recording layer, and an i-th user da- 
ta recording region for recording user data; and 

wherein the first recording leaming region and 
the i-th recording learning region are arranged at 
different radial positions, and the »-th recording 
learning region is arranged within a region of radial 
positions at which the control data region is provid- 
ed. 

The optical disk according to claim 1 , 

wherein N is 3 or greater; 

wherein at least two infomnation recording lay- 
ers included in the second to N-th information re- 
cording layers each comprise a recording learning 
region for leaming recording parameters to record 
data; and 

wherein the recording learning regions includ- 
ed in those two information recording layers are ar- 
ranged at different radial positions. 

The optical disk according to claim 1 , 

wherein N is 3 or greater; 

wherein, when taking at least one of the third 
to N-th infomnation recording layers as a j-th infor- 
mation recording layer (with j being an integer sat- 
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isfying 3 ^ N), that j-th information recording 
layer comprises a j-th recording learning region for 
learning recording parameters to record data in the. 
j-th information recording layer; and 

wherein the j-th recording learning region is 5 
arranged within a region of radial positions at which 
regions are provided in which no data recording Is 
performed in the second to Q-iyth Infomiation re- 
cording layer. 

10 

4. The optical disl< according to claim 1 , 

wherein a k-th Information recording layer 
(with k being an integer satisfying 1 ^ k ^ N-1) in- 
cluded in the first to N-th information recording lay- 
ers comprises a k-th recording learning region for is 
learning recording parameters to record data in the 
k-th information recording layer, and a (k+1)-th in- 
formation recording layer Included In the first to N- 
th Information recording layers comprises a (k+1)- 
th recording learning region for learning recording 20 
parameters to record data in the (k+1)-th informa- 
tion recording layer; and 

wherein an innermost radius (R1) of the k-th 
recording learning region, an outermost radius (R2) 
of the (k+1 )-th recording learning region, and a max- 25 
imum value (Ae) of a track eccentricity in the k-th 
information recording layer and the (k+1)-th infor- 
mation recording layer satisfy the following relation- 
ship: 

30 

R1 - R2 ^ 2Ae. 

5. The optlcalrdisk according to claim 1 , 

wherein a k-th infonmation recording layer 35 
. (with k being an integer satisfying 1 ^ k ^ N-1) in- 
cluded in the first to N-th information recording lay- 
ers comprises a k-th recording learning region for 
learning recording parameters to record data in the 
k-th infonnation recording layer, and a (k+1 )-th in- 
fonnation recording layer included in the first to N- 
th information recording layers comprises a (k+1)- 
th recording learning region for learning recording 
parameters to record data in the (k+1)-th informa- 
tion recording iayer; and 45 

wherein an innermost radius (R1) of the k-th 
recording learning region, an outermost radius (R2) 
of the (k-i-l)-th recording learning region, a maxi- 
mum value (Ae) of a track eccentricity in the k-th 
information recording layer and the (k+1)-th infer- so 
mation recording layer, and a beam diameter (D) of 
the laser light In the (k+1 )-th infomnatlon recording 
layer when the laser light Is converged onto the k- 
th information recording layer satisfy the following 
relationship: ss 

R1 - R2 ^ 2Ae +D. 



6. The optical disk according to claim 1 , 

wherein a k-th Information recording layer 
(with k being an integer satisfying 1 ^ k ^ N) includ- 
ed in the first to N-th Infonnation recording layers 
comprises a k-th recording learning region forlearn- 
ing recording parameters to record data in the k-th 
information recording layer, and a (k+1)-th informa- 
tion recording layer included in the first to N-th In- 
formation recording layers comprises a (k+1 )-th re- 
cording learning region for learning recording pa- 
rameters to record data In the (k+1)-th Information 
recording layer; and 

wherein an innermost radius (R1) of the k-th 
recording learning region, an outermost radius (R2) 
of the (k+1)-th recording learning region, a maxi- 
mum value (Ae) of a track eccentricity in the k-th 
information recording layer and the (k+1)-th Infor- 
mation recording layer, and a tolerance (Ar) of a ra- 
dial position of a track starting end satisfy the fol- 
lowing relationship: 

R1 - R2 ^ 2(Ae + Ar). 

7. The optical disk according to claim 1 , 

wherein a k-th Information recording layer 
(with k being an integer satisfying 1 ^ k ^ N-1) in- 
cluded In the first to N-th Infonnation recording lay- 
ers comprises a k-th recording learning region for 
learning recording parameters to record data in the 
k-th infonnation recording layer, and a (k+1)-th In- 
formation recording layer Included in the first to N- 
th infonnation recording layers comprises a (k+1)- 
th recording learning region for learning recording 
parameters to record data in the (k+1)-th informa- 
tion recording layer; and 

wherein an innermost radius (R1) of the k-th 
recording learning region, an outermost radius (R2) 
of the (k+1)-th recording learning region, a maxi- 
mum value (Ae) of a track eccentricity in the k-th 
information recording layer and the (k+1)-th infor- 
mation recording layer, a tolerance (Ar) of a radial 
position of the track starting end, and a beam diam- 
eter (D) of the laser light in the (k+1 )-th information 
recording layer when the laser light is converged 
onto the k-th information recording layer satisfy the 
following relationship: 

R1 - R2 ^ 2(Ae + Ar) + D. 

8. The optical disk according to claim 1 , 

wherein a distance from the side from which 
the laser light is irradiated to the first Information re- 
cording layer is equivalent to a distance, in an opti- 
cal disk having a single information recording layer, 
from the side from which the laser light is irradiated 
to the single information recording layer. 
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9. The optical disk according to claim 1 , wherein con- 
trol data relating to the first to N-th inforrr - ^'on re- 
cording layers is stored in the control dat;. qion. 

10. The optical disk according to claim 1 , wherein writ- 5 
ing of user data to the first to N-th Information re- 
cording layers is performed continuously from a ra- 
dially Inward side to a radially outward side or from 
the radially outward side to the radially inward side. 

10 

11 . The optical disk according to claim 1 , wherein con- 
trol data is pro-recorded in the control data region 
by at least one selected from embossed pits, wob- 
ble grooves and wobble pits. 

12. The optical disk according to claim 1, 

wherein at least the control data region, the 
first recording learning region and the first user data 
recording region are arranged in that order from a 
radially inward side in the first infomnation recording 20 
layer; and 

wherein at least the i-th recording leaming re- 
gion and the i-th user data recording region are ar- 
ranged in that order from a radially inward side in 
the i-th infomnation recording layer. 25 

13. The optical disk according to claim 1 , wherein the 
plurality of infomnation recording layers comprise an 
information recording layer that is an-anged further 
away from the side from which laser light is irradi- 30 
ated than the first infomnation recording layer. 

14. The optical disk according to claim 1, 

wherein the plurality of Information recording 
layers consist of two information recording layers 35 
that are the first Information recording layer and the 
second information recording layer; 

wherein the second information recording lay- 
er includes a second recording learning region for 
leaming recording parameters to record data In the 40 
second Infomnation recording layer, and a second 
user data recording region for recording user data; 
and 

wherein the first recording learning region and 
the second recording learning region are arranged 45 
in regions with different radial positions, and the 
second recording learning region is arranged in op- 
position to the control data. 

15. The optical disk according to claim 14, so 

wherein at least the control data region, the 
first recording leaming region, and the first user da- 
ta recording region are arranged in that order from 
the radially inward side in the first information re- 
cording layer; and ss 

wherein at least the second recording leam- 
ing region and the second user data recording re- 
gion are arranged in that order from the radially in- 



ward side in the second information recording layer. 

16. The optical disk according to claim 14, 

wherein an Innermost radius (R1) of the first 
recording learning region, an butemnost radius (R2) 
of the second recording learning region, and a max- 
imum value (Ae) of a track eccentricity in the first 
information recording layer and the second Informa- 
tion recording layer satisfy the following relation- 
ship: 

R1 - R2 ^ 2Ae. 

17. The optical disk according to claim 14, 

wherein an Innermost radius (R1) of the first 
recording learning region, an outermost radius (R2) 
of the second recording learning region, a maxi- 
mum value (Ae) of a track eccentricity in the first 
information recording layer and the second informa- 
tion recording layer, and a beam diameter (D) of the 
laser light in the second Infomnation recording layer 
when the laser light Is converged onto the first in- 
formation recording layer satisfy the following rela- 
tionship: 

R1 - R2 ^ 2Ae + D. 

18. The optical disk according to claim 14, 

wherein an Innermost radius (R1) of the first 
recording learning region, an outermost radius (R2) 
of the second recording leaming region, a maxi- 
mum value (Ae) of a track eccentricity in the first 
information recording layer and the second informa- 
tion recording layer, and a tolerance (Ar) of a radial 
position of a track starting end satisfy the following 
relationship: 

R1 - R2 ^ 2(Ae + Ar). 

19. The optical disk according to claim 14, 

wherein an innermost radius (R1) of the first 
recording learning region, an outemiost radius (R2) 
of the second recording leaming region, a maxi- 
mum value (Ae) of a track eccentricity in the lirst 
information recording layer and the second informa- 
tion recording layer, a tolerance (Ar) of a radial po- 
sition of a track starting end, and a beam diameter 
(D) of the laser light in the second information re- 
cording layer when the laser light is converged onto 
the first infomnation recording layer satisfy the fol- 
lowing relationship: 

R1 - R2 ^ 2(Ae + Ar) + D. 
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20. A method for manufacturing an optical disk com- 
prising a first information recording layer and sec- 
ond to N-th information recording layers (with N be- 
ing an integer of two or greater) that are arranged 
further toward the side from which the laser light Is 
irradiated than the first infonmation recording layer 
and which are arranged in order from the side near 
the first information recording layer; the method 
comprising: 

forming the first information recording layer 
such that the first Information recording layer 
comprises at least a read-only control data re- 
gion, a first recording learning region for learn- 
ing recording parameters to record data in the 
first information recording layer, and a first user 
data recording region for recording user data; 
when taking at least one of the second to N-th 
information recording layers as an i-th informa- 
tion recording layer (with i being an integer sat- 
isfying 2 ^ i ^ N), forming that i-th information 
recording layer such that the i-th infonnation re- 
cording layer comprises an i-th recording learn- 
ing region for learning recording parameters to 
record data in the i-th information recording lay- 
er, and an i-th user data recording region for 
recording user data; and 
fomning the first recording learning region and 
the i-th recording learning region such that the 
first recording learning region and the i-th re- 
cording. learning region are arranged at differ- 
ent radial positions, and the i-th recording 
learning region is arranged within a region pf 
radial positions at which the control data region 
is provided. 

21. A recording method for recording data in tracks by 
irradiating laser light from one side of an optical 
disk, the tracks being provided respectively In a plu- 
rality of information recording layers included in the 
optical disk; 

wherein the optical disk comprises a first in- 
formation recording layer, and second to. N-th infor- 
mation recording layers (with N being an Integer of 
two or greater) that are arranged further toward the 
side from which the laser light is irradiated than the 
first infonnation recording layer and which are ar- 
ranged in order from the side near the first informa- 
tion recording layer; 

wherein the first Information recording layer 
comprises a read-only control data region, a first re- 
cording learning region for learning recording pa- 
rameters to record data in the first information re- 
cording layer, and a first user data recording region 
for recording user data; 

wherein the second to N-th infonnation re- 
cording layers respectively comprise a second to N- 
th recording learning region for learning recording 
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parameters to record data in the second to N-th in- 
formation recording layers, and a second to N-th us- 
er data recording region for recording user data; 

wherein, before data is recorded in the first to 
N-th information recording layers, laser light is Irra- 
diated via at least one of the second to N-th record- 
ing learning regions to at least a portion of the con- 
trol data region, and control data that Is recorded In 
the control data region is reproduced. 

22. A reproduction method for reproducing data record- 
ed in tracks by Irradiating laser light from one side 
of an optical disk, the tracks being provided respec- 
tively in a plurality of information recording layers 
included in the optical disk; 

wherein the optical disk comprises a first in- 
formation recording layer, and second to N-th infor- 
mation recording layers (with N being an integer of 
two or greater) that are arranged further toward the 
side from which the laser light is irradiated than the 
first infonnation recording layer and which are ar- 
ranged in order from the side near the first informa- 
tion recording layer; 

wherein the first information recording layer 
comprises a read-only control data region, a first re- 
cording learning region for learning recording pa- 
rameters to record data in the first information re- 
cording layer, and a first user data recording region 
for recording user data; 

wherein the second to N-th Information re- 
cording layers respectively comprise a second to N- 
th recording learning region for learning recording 
parameters to record data In the second to N-th In- 
formation recording layers, and a second to N-th us- 
er data recording region for recording user data; 
and 

wherein, before data is reproduced from the 
first to N-th information recording layers, laser light 
Is irradiated via at least one of the second to N-th 
recording learning regions to at least a portion of 
the control data region, and control data that is re- 
corded in the control data region is reproduced. 
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(57) An optical disk includes a first information re- 
cording layer, and second to N-th information recording 
layers (with N being an integer of two or greater) that are 
arranged further toward the side from which laser light is 
irradiated than the first information recording layer and 
which are arranged in order from the side near the first 
information recording layer. The first infonnation record- 
ing layer includes a read-only control data region (702a), 
a first recording learning region (704a) for learning re- 
cording parameters to record data, and a first user data 
recording region (708a) for recording user data. When 



taking at least one of the second to N-th information re- 
cording layers as an i-th information recording layer (with 
i being an integer satisfying 2 ^ i ^ N), that i^th informa- 
tion recording layer includes an i-th recording learning 
region (702b, 702c and 762d) for learning recording pa- 
rameters to record data in the i-th information recording 
layer, and an i-th user data recording region for recording 
user data. The first recording learning region and the i- 
th recording learning region are arranged at different ra- 
dial positions, and the i-th recording learning region is 
arranged within a region of radial positions at which the 
control data region is provided. 
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